The abundance of cladocerans recorded in plankton samples from the littoral regions of two enviroments (Baía River and Guaraná lake), the Upper Paraná River floodplain and some limnological variables important in controlling their abundance were investigated at three sites in the lake and two in the river, from March/93 to January/94. Abundance was highest in the lake, chiefly during high water. Bosminidae dominated in both environments and hydrological periods (high and low water). Chydoridae were more important in the lake, and Sididae in the river. A higher number of Pearson's correlations significative (p < 0.03) between the densities of the ten most important species and the limnological variables was observed in the river. This suggests that limnological variables are more important in controlling the abundance of cladocerans in the river. On the other hand, in the lake their abundance was probably associated with the physical structure of the environment, the abundance of aquatic macrophytes, and biotic relationships such as competition and predation.
INTRODUCTION
The floodplain ecosystem consists of lakes, channels, and areas subject to flooding associated with large rivers (Junk, 1980) . In this ecosystem, seasonal fluctuations in water level act as a forcing function which leads to changes in the physical and chemical characteristics of the water and consequent variations in the composition and abundance of the aquatic organisms (Junk et al., 1989; Thomaz et al., 1997) .
Studies of floodplain cladocerans have mainly dealed with population fluctuation patterns determined by limnological changes caused by rises in water levels (Twombly & Lewis, 1987; Paggi & José De Paggi, 1990; Campos et al., 1996; LansacTôha et al., 1997; Lima et al., 1998) . Most investigations have been done in the limnetic zone, although some studies have attempted to compare differences in abundance and composition of the cladocerans in littoral zones, influenced by the presence of aquatic macrophytes (Rybak et al., 1964; Smirnov & Davis, 1973; Margaritora et al., 1975; Whiteside et al., 1978; Valdivia & Zambrano, 1989; Paterson, 1993; Smirnov & SantosSilva, 1995; Elías-Gutierrez et al., 1997) .
The objective of the present investigation was to evaluate the abundance of cladocerans in plankton samples from the littoral zone of a lake and a river colonized by different banks of aquatic macrophytes, as well as to describe their temporal and spatial variations in relation to abiotic variables.
STUDY AREA
The Baía River (22 ο 43'S and 53 ο 17'W) is located in the floodplain on the right bank of the Paraná River, in the State of Mato Grosso do Sul (Fig. 1) . It is directly influenced by the hydrological regime of the Paraná. However, the low current velocity and slight slope of its bed allow it to be characterized as a floodplain river. Guaraná Lake (22 ο 43'26"S and 53 ο 18'03"W) is located on the right bank of the Baía River, with which it is connected year-round. This connection is more pronounced during high water periods, apparently leading the system to behave more uniformly (Thomaz et al., 1992) . Aquatic macrophytes, especially Eichhornia azurea (Swartz), predominate in the littoral zone.
For the purposes of this study, three sampling stations were established in the littoral zone of the lake: Stations 1 and 2 in locations with banks of aquatic macrophytes, and Station 3 in an area with a small quantity of vegetation; the predominant plant at all stations was E. azurea. There were two stations in the river: Station 4, without aquatic macrophytes; and Station 5 with macrophytes, mainly E. azurea.
MATERIAL AND METHODS
Environmental variables were measured and samples of cladocerans were taken at the five stations monthly during the morning, at the surface, from March/93 through January/94. The cladocerans were collected with a motorized pump, using a conical net (70 µm mesh) to filter 1,000 liters of water. The samples were preserved in a final solution of 4% formaldehyde, buffered with calcium carbonate. Analyses of the environmental variables, water temperature ( ο C), transparency of the water column (m), electrical conductivity (µS/ cm), and dissolved oxygen concentration (mg/L) were performed according to the methods described by Thomaz et al. (1992) .
The water levels of the Paraná River used in this work refer to the mean for the 14 days prior to each collection, following Thomaz et al. (1997) . Daily water level values were provided by the National Department of Waters and Electrical Energy (DNAEE).
Qualitative and quantitative analyses of the cladocerans were carried out in the laboratory using standard and Sedgewick-Rafter slides and both compound and stereomicroscopes. Taxa were identified using the following references: Smirnov (1974 Smirnov ( , 1992 , Korínek (1981) , Paggi (1995), and Elmoor-Loureiro (1997) . Abundance was estimated by counting at least 200 individuals per sample (ind/m 3 ). ANOVA and Tukey's test were used to verify if there was significant difference in the abundance between station and hydrological period.
The differences in densities were significant if probability was <0.05. The analysis were carried out with the aid of the software Statistica Version 5.0 (Statsoft Inc., 1996) .
A log (x + 1) data matrix was constructed from the results for the environmental variables for the lake, and another for the river. The matrices were transformed by multinormalization, except for pH. Principal components analysis (PCA) was used to reduce the dimensionality of the abiotic data. Variables for which structure coefficients >0.8 were considered important for explaining variability. The analysis was carried out with the aid of the software Statistica Version 5.0 (Statsoft Inc., 1996) .
In order to establish the influence of the variables on the density of the main cladoceran species in each environment, we calculated Pearson's correlation coefficients between each of these densities and the environmental variables measured. Correlations were considered significant if their probability were <0.05/number of significance tests applied, according to Bonferroni's correction for multiple tests (Green, 1993) . The software Statistica Version 5.0 (Statsoft Inc., 1996) was also used for this analysis.
RESULTS

Limnological variables
The results of the environmental variables obtained at the surface in the lake and the river are presented in Table 1 ( FUEM PADCT-CIAMB, 1994) .
Fluviometric level
From the mean water level of the Paraná River for the 14 days prior to each collection date, it was possible to establish two hydrological periods: high water (March and April/93 and January/94) and low water (May to December/93) (Fig. 2) .
Abundance
In geral, higher mean densities of cladocerans were recorded in the lake, and lower densities in the river (Fig. 3) , although their differences were not significative (F = 2.358; p = 0.07). The most abundant species in both environments, together, were Bosminopsis deitersi (Bosminidae), Diaphanosoma birgei (Sididae), and Phryxura dadayi (Chydoridae).
The abundance of the families of cladocerans in each environment and in the two hydrological periods (high and low water) are seen in Fig. 4 . The results for the ANOVA and Tukey's test showed that the environments differed significantly regarding to the Bosminide and Chydoridae abundances (ANOVA -F = 4.354, p = 0.04; F = 10.289, p = 0.002, and Tukey's test -p = 0.024, p = 0.002, respectively). The cladocerans densities were not significantly different between hydrological periods. Of the seven families recorded, Bosminidae was most representative at all stations, followed by Chydoridae in the lake and Sididae in the river. Moinidae, represented especially by Moina minuta, was the least abundant family in both environments. Other families contributing importantly to total cladoceran density were Daphnidae and Ilyocryptidae. Ceriodaphnia cornuta and Ilyocryptus spinifer were the most abundant species of these families.
Principal component analysis
The PCA results showed that the first two axes explained 78.29% of the data variability (Fig.  5) . The first axis explained most (56.20%) of this variability, and was formed negatively by dissolved oxygen (sc = 0.82), and positively by electrical conductivity (sc = 0.91), water level (sc = 0.90), and water transparency (sc = 0.75). The second axis contributed 22.09%, with a positive influence from pH (sc = 0.95).
These results indicate that PC1 reflected the seasonal variation of the data, since water level was one of the most important variables forming this axis. During high water, both environments showed higher values for water transparency, electrical conductivity, and temperature, and lower dissolved oxygen content. Higher dissolved oxygen contents were recorded during low water.
The spatial segregation of the environments observed along PC2 was established with pH values.
The distribution of the scores along the two axes showed that during high water, variation among values for limnological parameters was lower. During low water the values for these parameters differed more between the environments (Fig. 5) . 
Pearson's correlation
The species considered in the correlation analyses for the two environments were those which were most abundant at all stations during the entire period: Alona dentifera, A. affinis affinis, Bosmina hagmani, B. tubicen, Bosminopsis deitersi, Diaphanosoma birgei, Phryxura dadayi, Ceriodaphnia cornuta, Ilyocryptus spinifer, and Macrothrix spinosa.
A higher number of correlations between the densities of these species and limnological variables, as well as the highest r values, was found in the river (Table 2) .
In the lake, only water level was important for the abundance of A. dentifera, since the highest densities of this species were related to the highest water levels. In the river, water level appeared significantly to influence abundances of C. cornuta and P. dadayi.
The highest densities of C. cornuta were also directly related to water transparency and electrical conductivity. Electrical conductivity also influenced the abundance of B. deitersi. The only variable which showed an inverse relationship to the cladocerans was dissolved oxygen. This factor significantly influenced the abundance of P. dadayi, the highest densities of this species being related to the lowest dissolved oxygen concentrations. This phenomenon may represent some development strategy of this species. 
DISCUSSION
The dominant family recorded in the present study was Bosminidae, especially Bosminopsis deitersi. This species is frequently the most abundant cladoceran of the Paraná River floodplain (Paggi & José De Paggi, 1990; Lansac-Tôha et al., 1997; Sendacz, 1997) . Lima et al. (1998) also described it as numerically important in the Upper Paraná River. The numerical importance of bosminids in these environments may be related to the acid to neutral pH values. Equivalent pH levels were described as being favorable for development of bosminid populations in Amazonian black waters (Robertson & Hardy, 1984) , and in the Paraná floodplain (Lima et al., 1998) .
In addition to the Bosminidae, the greater abundance of Chydoridae in the lake as opposed to Sididae in the river may be related to the presence of extensive banks of macrophytes, the preferred habitat of chydorids, in the lake. The predominance of chydorids among macrophytes was also observed by Valdivia & Zambrano (1989) in a lake in Peru. Camargo et al. (1983) considered that large amounts of living biomass and detritus, originating mainly from decomposition of aquatic macrophytes, are an important source of organic matter for the environment, on which many consumers depend. Probably the Sididae were more important than the Chydoridae in the river because of the absence of vegetation along its banks. It is worth emphasizing that the highest cladoceran densities in the river were found in the region near the banks but without vegetation.
The results from the principal component analysis provided evidence of the homogenization of the environments, from the limnological variables studied. The analysis also showed that the system differed more in respect to the physical and chemical characteristics of the water column during the course of the year, than between environments. The only variable distinguishing the environments was pH, mainly during low water. Thomaz et al. (1997) observed that during high water, a lesser degree of variation in the limnological factors of the Paraná River floodplain environments indicates that the flood pulse tends to homogenize those aquatic environments influenced by the river.
From the Pearson's correlation analysis we could verify more significant correlations between the densities of the main species and limnological factors in the river than in the lake. This suggests that those limnological variables studied probably influence cladoceran population structure more in the river than in the lake. Other factors such as the physical structure of the environment, or the amount of vegetation present along the shores, as well as biotic relationships such as competition and predation between populations appear to be more important in the dynamics of the main species in the lake. Frutos (1996) observed that it is a difficult task to evaluate the factors responsible for the variation of zooplankton in environments which are subject or not to periodic flooding, in view of the fact that changes in population structure are defined not only by the dynamics of processes internal to the environments, but also by the addition and superposition of changes in the surrounding environments of the floodplain. TABLE 2 Pearson's correlations between the limnological variables and densities of the principal taxa, in both environments studied (p < 0.05). Significance for each environment according to Bonferoni's criterion (p < 0.05/16 = 0.03) (Green, 1993) . L = water level, T = water temperature, Tr = water transparency, EC = electrical conductivity, and DO = dissolved oxygen. Significant correlations are indicated in boldface.
